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NATTONAL ADVISORY COMMITTEE FOR AERONAUTICS

RESEARCH MEMORANDUM

FREE-FLIGHT INVESTIGATION OF JET EFFECT ON THE LOW-LIFT
DRAG AND LONGITUDINAL TRIM OF A SUPERSONIC
INTERCEPTOR-TYPE ATRPIANE CONFIGURATION
WITH AN OVERHANGING TAIL BOOM AT
MACH NUMBERS FROM 1.09 TO 1.3L

By Willard S. Blanchard, Jr.

SUMMARY

A rocket-powered free-flight model of an interceptor-type airplane
with an overhanging tail boom was flight tested with jet on and jet off
at Mach numbers from 1.09 to 1.34. The jet nozzle, which had a sonic
exit, was canted 5° downward with respect to the airplane reference line.
Reynolds number, based on wing mean gerodynamic chord, varied from

5.0 X 106 to 10.2 x 106, respectively. Jet static-pressure ratio varied
from 2.85 at a Mach number of 1.09 to 3.3 at a Mach number of 1.3L4.
External~drag coefficient was reduced by an amount that varied from 0.006
at a Mach number of 1.09 to zero at a Mach number of 1.26. At Mach num~
bers greater than 1.26, the effect of jet operation on external drag was
adverse. Jet operation induced an upload on the tail and reduced the
total drag in the transonic range. The model trimmed approximately 0.25°
nose down with power off, and jet operation increased this angle to

about -1.0°. The airplane lift-curve slope was not appreciably affected
by the jet.

INTRODUCTTON

A great deal of attention has been focused on the effects of jet
exhaust on the drag, trim, and stability of aircraft. Recent investi-
gations (refs. 1 to 5) have indicated that these effects can be suffi-
ciently large to alter the aerodynamic characteristics of an airplane
configuration.

The Langley Pilotless Aircraft Research Division has conducted a
rocket~-powered free-flight test of an interceptor-type model with an
overhanging tail boom to ascertain the effect of jet exhaust on low-
1ift drag and longitudinal trim. The configuration tested was conven-
tional in general geometry, and consisted of a swept and tapered wing
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of 4-percent thickness mounted on a slim (fineness ratio 14.2) fuselage.
The horizontal and vertical tails, which were geometrically similar to
the wing, were mounted on a boom above and behind the jet exit. The
fuselage did not include an inlet since, in the test technique used,

the hot turbojet exhaust was similated by the flow from a rocket motor.

In order to maintain a measure of practicality for the test reported
herein, the model was designed to include, volume-wise, equipment required
for a present-day (M = 1.6) interceptor alrplane. Based on a hypothetical
airplane having 384 sguare feet of wing area, the model was l/lO scale.

SYMBOLS

M free~-stream Mach number
R Reynolds number based on mean aerodynamic chord
v velocity, ft/sec
q dynamic pressure, 1b/sq ft
W model weight, 1b
c mean aerodynamic chord
S wing area (leading and trailing edges extended to fuselage

center line), 3.84 sq ft
o angle of attack, deg
g angle of attack at zero 1lift, deg ,
Cg, axial-force coefficient, A§1§l§£9£99

Q
Cp external=drag coefficient, Extern:l drag
a
Cn normal-force coefficient, Nbrmaisforce
Cr, 1ift coefficient, Lig&
!
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Crp thrust coefficient, irf__ﬂ“gsit )
CLO 1ift coefficient at zero angle of attack
: o0y,
CLOL lift~curve slope, g;f, per deg
t time, sec
A cross-sectional area
[/ model length, in.
X distance measured rearward from nose, in.
a1/s longitudinal accelerometer reading
an/& normal accelerometer reading
P, free~stream static pressure, lb/sq in.
acceleration due to gravity, 32.2 ft/sec2
A increment resulting from jet operation
Y flight-path angle, deg
D jet-exit static pressure, lb/sq in.
Aj cross-sectional area of the Jet exit, sq in.

MODEIL:. AND INSTRUMENTATION

Figure 1 1s a three-view drawing of the model. TIn figures 2 and 3,

respectively, are shown dimensional cross-sectional area distribution of
the components of the model and the nondimensionsal area distribution of
the complete model. Fineness ratio of the equivalent body was 12.8.
Figures 4 and 5 are photographs of the model, and a photograph of the
model and booster rocket in launching position is presented as figure 6.
Physical dimensions of the model are included in table I.

pes————— 2
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The model was constructed primarily of aluminum and mahogany, with
the exception of the jet-simulating solid-fuel rocket-motor case, which
was of steel. The simulator motor was a modified Cordite rocket, and
developed about 500 pounds of thrust for 4 seconds. The wing was of
solid aluminum.

Contained within the model was a six-channel telemeter transmitter.
Fach channel monitored one of the following quantities: angle of attack,
longitudinal acceleration, normal acceleration, free-gstream total pres-
sure, simulator motor chamber pressure, and jet-exit static pressure.
Also contained within the model were six pulse rockets, timed by means
of delay squibs to disturb the model in pitch at preset times during the
flight.

The nozzle of the jet simulator motor, which had a sonic exit, was
canted downward 5° with respect to the model reference line, in order
to prevent pitching moments about the center of gravity as a result of
thrust. The simulator-motor chamber-pressure orifice was located just
inside the motor nozzle; the static-pressure orifice was located on the
base of the model.

Ground instrumentation included two telemeter receiving stations,
several tracking cameras, a CW Doppler radar set, an SCR-584 radar set,
and rawinsonde atmospheric recording equipment.

TEST TECHNIQUE

Prior to the flight test, the jet simulator was ground tested.
Quantities measured were thrust, chamber pressure, and free-stream
static pressure. These measurements were used, in conjunction with
chamber pressure and free-stream static pressure measured in flight,
to determine simulator thrust during flight.

The model was boosted to M = 1.58 by a solid-fuel Deacon rocket
motor developing about 6,000 pounds of thrust for % seconds. The model
then separated from the booster rocket and coasted free, decelerating
to M= 1.075. At M= 1.075, the similator rocket motor started, and
in the ensuing 4 seconds the model accelerated to M = 1.34. At M = 1.34,
the similator rocket fuel having been consumed, the model once again
coasted free, decelerating to subsonic speeds.

Throughout the flight, data were transmitted continuously by the
telemeter located in the model, and recorded on film at the two ground-
receiving stations. The model was tracked in flight by the two radar
sets, one of which was used to obtain model velocity, the other recording
position in space. All telemeter and radar datas were synchronized by a
master timer; thereby, a time history of the quantities measured was

provided.
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Immediately after the flight, a balloon carrying rawinsonde weather
equipment was released. Wind direction and velocity and atmospheric
pressure, temperature, and density were thereby measured for the entire
altitude range traversed by the model flight test.

METHOD OF ANALYSIS

Prior to analysis, the data were reduced by the Langley Instrument
Research Division. Indicated angle of attack was corrected for flight-
path curvature, and normal and longitudinal accelerations were corrected
for pitch rate. Corrections have also been applied for fuselage bending
due to heating from the simulator motor. No corrections have been made
for aeroelasticity. Values of Mach number obtained from radar data and
from telemeter data were plotted together, and a mean curve drawn through
the points. The curve thus obtained was taken as the Mach number for this
investigation.

Lift coefficient was

o (36

where an/g was the normal accelerometer reading, and C; was assumed

equal to Cy since the model flew near zero 1lift.

External-~drag coefficient was calculated by two methods for both
the power-on and the power~off phases of the flight.

Cp = Cp - (g- - 32.2 sin 7><§s'> (1)

where dV/dt was obtained by differentiation with respect to time of
the velocity as obtained from CW Doppler radar. Thrust coefficient Crp
was obtained from telemeter data in conjunction with the preflight test
of the simulator rocket motor, as discussed previously. For the power-
off case, Cp was defined as

Cp = (%J ; pw)(éno;zle)
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Hence, the.power-off drag coefficient has been.corrected to zero pressure
drag on the base of the nozzle exit. Base drag on the small annular area
surrounding the nozzle exit is considered part of the external drag.

e (8

where az/g was obtained from telemeter data and Cp was assumed equal

to Cg since the model flew near zero 1lift. Cp was calculated by the

method described in equation (1). Values of drag coefficient from equa-
tions (1) and (2) were plotted and a mean curve drawn through the points.
The curve thus obtained was taken as the external-drag coefficient, both
power-on and power-off, for the test reported herein.

A more complete description of the test technique and method of
analysis may be found in reference 6.

As may be seen in figure 1, the nozzle of the jet was canted down-
ward 5 with respect to the fuselage reference lines, which allowed the
thrust axis to pass very nearly through the center of gravity of the
model. Effects of propellant consumption on the center-of-gravity loca-
tion were investigated and found to have negligible effect on trim.

ACCURACY

Mach number measurements are believed to be accurate within £0.01,
drag coefficient within £0.001 power off and t0.003 power on, 1lift coef-
ficient within t0.003, and angle of attack within +0.1°. The figures
quoted are maximum probable values, and in general the errors are appre-
ciably smaller than the quoted numbers.

DISCUSSION OF RESULTS

Reynolds number for the test reported herein, based on mean aerody-

namic chord, varied from about 3.2 X lO6 to about 13.0 X 106 at Mach num-
bers from 0.88 to 1.58, respectively, as shown in figure 7. The center

of gravity was located 25 percent behind the leadling edge of the mean
aerodynamic chord and about 17 percent below the wing chord plane for
both the power-on and the power-off condition. Jet-off data ‘were obtained
at Mach numbers from 0.88 to 1.56, whereas jet-on data were llmlted to a
Mach number range of 1.09 to 1.34.

SOSERE, T,
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Jet static-pressure ratio increased from 2.8 at M = 1.09 to 3.3
at M= 1.34, as may be seen in figure 8. Thrust coefficient decreased
from 0.102 at M= 1.09 +to 0.085 at M= 1. 54”‘as shown in figure 9.
These values correspond approximately to a turﬁoaet powered airplane with
a sonic exit capable of supersonic speed.

Longitudinal Trim

Trim 1ift coefficient is presented as a function of Mach number in
figure 10(a). It will be noted that there were no abrupt trim changes,
either jet-on or jet-off, with respect to changes in Mach number. In
figure 10(b), effect of the jet on the trim 1ift coefficient is shown
to decrease in magnitude from about -0.034 at M= 1.09 to a value
of -0.021 at M = 1.34. Reference 5 shows a similar effect of the jet
on trim for a model of similar (overhanging tail boom) configuration.
In reference 5, however, jet pressure ratio and thrust coefficient were
greater than for the present test, hence the change in trim was greater.
It is interesting to note, however, that the trends were similar, that
is, a decrease in jet effect on trim at Mach numbers above 1.2. This
effect agrees with trends shown in reference 1 which indicate that, for
a horizontal surface located above and behind the Jjet-exit shock, the
increment in normal-force coefficient decreases in magnitude with
increasing Mach number. Tt should be noted that the jet-on trim 1lift
coefficient shown in figure 10(a) includes an increment due directly to
the 5° cant angle of the jet nozzle. Since the nozzle cant angle is
considered an integral part of the configuration reported herein, this
increment has not been taken out as a tare. TIts magnitude is approxi-
mately ACTy .. = 0.008.

Figure 11(a) shows trim angle of attack for both the jet-on and
the jet-off condition. For the jet-off condition, the variation in
trim angle of attack was about O. '8° over the Mach number range. As may
be seen in figure 11(b), effect of the jet on the trim angle of attack
was only slightly affected by Mach number; the increment was about -O. 8°
over the Mach number range.

S 'g":,ﬂf’

Drag

Externél-drag coefficient is shown as a function of Mach number in
figure 12 for both the jet-on and the jet-off conditions. In figure l2(a),
Cp for the jet-off condition is shown to rise from a subsonic value of

about 0.018 to a supersonic level of about 0.0255. The drag rise (where
daCp

dM
comparison, also had its drag rise at M = 0.98. The model of ref-

erence 2, which was similar to the model of this test, but had an open

SRR
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inlet, had appreciably less Jet-off drag at subsonic speeds than the
model of this test, but at transonic and supersonic speeds the jet-off
drag levels of the models are about the same. The increment between
the models at subsonic speeds is believed to be due in part to the
smaller wetted area and smoother finish of the reference model. The
higher pressure drag (of the reference model) is believed to be the
result of its lower fineness ratio. Jet-on drag coefficient for the
model of this test increased steadily from a value of about 0.019 at
M=1.09 to about 0.029 at M = 1.3k.

Figure 12(b) shows jet effect on drag coefficient to decrease
steadily in magnitude from -0.006 at M = 1.09 to zero at M= 1.27,
then to increase to 0.003 at M = 1.34. Data from reference 8, also
shown in figure 12(b), show the same trend for a horizontal-tailless,
delta-wing model with an overhanging tail boom. Other tests (unpub-
lished) have shown the same trend. In general, it appears that for a
configuration with an overhanging tail boom, similar to the model of
this test, the Jjet can be expected to decrease the drag at Mach numbers
near 1.1, and to increase the drag at Mach numbers above about 1.2.
The favorable effect of the jet on the drag at near-sonic speeds is
probably due in part to the jet stream improving the overall area dis-
tribution of the airplane.

Shown in figure 3 is an approximation of the jet-area distribution
and how it may improve the total-~area distribution in the region of the
steep slopes near x/Z = 0.7. ©Such an lmprovement, according to the
transonic area rule, would indicate a reduction in the transonic drag
rise.

Lift

Lift-curve slope is shown in figure 13. Jet effect on lift-curve
slope was very slight. Also shown in figure 13 for comparison is the
lift=-curve slope of a configuration having a similar wing plan form from
reference 9, and an identical plan form from unpublished data. Agree-
ment between the reference data and the power-off data of this test is
good .

Figure 1h(a) presents angle of attack corresponding to zero 1ift
for both the jet-on and Jjet-off conditions. Effect of the jet on the
angle of attack for zero 1ift is shown in figure 14(b). The increment
is negative over the entire range tested, but does not exceed -0.4° at
any Mach number.

In figure 15, 1lift coefficient corresponding to zero angle of attack
is shown as a function of Mach number for the jet-on and jet-off conditions.

S oad
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For the Jjet-on condition, the values of 1lift coefficient are small and
positive throughout the Mach number range tested; for the jet-off condi-
tion, the values are small and generally negative. Effect of the jet on
the 1ift coefficient at zero angle of attack is shown directly in fig-
ure 16. The increment is positive (about 0.02) over the tested Mach
number range.

SUMMARY OF RESULTS

A rocket-powered free-flight model of an interceptor-type airplane
with an overhanging tail boom was flight tested with jet on and jet off
at Mach numbers from 1.09 to 1.34. Reynolds numbers varied from 5.0 X 106
to 10.2 X 106, respectively. Jet static-pressure ratio increased from
2.85 at a Mach number of 1.09 to 3.3 at a Mach number of 1.34. The fol-
lowing conclusions are indicated by this test:

1. Effect of the Jet on the low-1ift drag coefficient decreased
steadily from -0.006 at a Mach number of 1.09 to zero at a Mach number
of 1.27, then increased to 0.003 at a Mach number of 1.3L.

2. Jet effect on the trim lift coefficient decreased in magnitude
from -0.034 at a Mach number of 1.09 to -0.021 at a Mach number of 1.34.

3. Effect of the jet on the airplane lift-curve slope was slight.

4. Lift coefficient corresponding to zero angle of attack was
increased moderately by the jet.

Langley Aeronautical Laboratory,
National Advisory Committee for Aeronautics,
Langley Field, Va., June 19, 1957.
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TABLE I.-~ GEOMETRIC DIMENSIONS

Wing:
Total ared, S £ « « « o o o o « o o o o 0 o o o o o o oo« o . 5.8k
Aspect ratio . . . . . o P10

Sweepback (quarter chord), deg A 725
Taper TatiO « o o o o o o o o o o o & o o o o o o o o o e s o o . 0.20
Mean aerodynamic chord, ft . « « « ¢ ¢ ¢ ¢ ¢ o o o o o 0 o . . 1.37
Section (parallel to free stream) . . « . . « . . . « . . NACA 65A00h

Horizontal tadil:
Total ared, 8G £ « « « o = o o ¢ « o ¢ 4 o o s o o o o 0 0« . . 061
ASPECE TBLEIO o « 4 4 o 6 e 4 e e e e e 4 s e e e e e e e e e e 3.40
Sweepback (quarter chord), deg . « « « « « « « ¢« o « « « o o o« 52.5
Taper ratio + « ¢ « « &« « o « & N 0 9=1e
Section (parallel to free stream) e e e e e e e e e « + . NACA 65A004

Vertical tail:
Total area (to center line), 8qQ £t « « o« « o « o o o « o o = o o 0.9%
Aspect ratio (to center 1ine) . « « « ¢ o o o+ o o s o o o o .+ 170
Sweepback (quarter chord), g8 . « « o o « o o o o « o « o o o o« 52.5
Taper ratio . . . . N O Iy2le)
Section (parallel to center 1ine) +« « « « « + « « + « . . NACA 65A00k

Fuselage:
Frontal area, 8@ £t ¢ ¢ « « ¢« o« o o o o o o o ¢ o o e 0 s s e . 0.27
Tength, L o o o o o o o o o o o o o e e e 0 e e e e e e e e .. T6L
Bage 8red, SQ Tt o o o o o ¢ o o 4 s o 0 o 0o e o e 0 0 s . .. . 0.08

Location of leading edge of horizontal-tail mean aerodynamic
chord downstream from jet exit, f£ « « « ¢ + o o o o o o o o « « 0.6

Tocation of horizontal~tail chord plane above Jet exit, ft . . . . 0.34

Diameter of Jet exit, f£ « v ¢ ¢ o ¢ ¢ ¢ o o & o o o o o o o o o o 032
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Figure 1.~ Three-view drawing of the model tested.

noted.

All dimensions are in inches unless otherwise
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Figure 2.- Dimensional cross-sectional area of the components.
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Figure 3.- Nondimensional cross-section of the complete model.
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Figure 4.- Quarter-front view of the test model. L-88849.1
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Figure 5.~ Quarter-rear view of the

test model. L-88850.1
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Figure T.- Variation of Reynolds number with Mach number.
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Figure 9.- Thrust coefficient.
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(b) Effect of jet on the longitudinal trim.

Figure 10.- Trim 1ift coefficient.
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(b) Effect of jet on the longitudinal trim.

Figure 11.- Trim angle of attack.
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Figure 12.- Low-lift drag coefficient.
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Figure 14.- Angle of attack corresponding to zero 1lift.
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